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Media consisting of a dielectric slab backed by a conducting plate 
are used in many facets of industry. Monitoring the thickness or 
permittivity uniformity of such slabs is of great importance. Ability of 
microwaves to penetrate inside dielectrics and its sensitivity to 
material inhomogeneities makes them suitable for this type measurements 
[1,2] . 
Information extracted in terms of reflection coefficient and phase 
is commonly used in microwave nondestructive testing of materials. Here, 
a thickness measurement technique using an open-ended reet angular 
waveguide placed on top of the dielectric slab backed by a conducting 
plate is presented. Although the theoretical derivation deals with 
admittance of the guide, results can be easily transformed to the desired 
reflection coefficient information. The admittance expression is then 
used in two root finding codes in an iterative manner to extract 
information about the thickness and permittivity of the material. Some 
preliminary measurement results are provided to verify the validity of 
the theoretical analysis. 
WAVEGUIDE ADMITTANCE 
Figure 1a shows the geometry of a flange mounted reet angular 
waveguide radiating into an infinite half-space. The half-space is 
assumed to be isotropie dielectric material with arbitrary permittivity 
characteristics and has free-space permeability. 
Considering the dominant mode incident on the aperture, the 
terminating admittance of the waveguide can be written as [1] 
a/2 b/2 J J [E(x,y,o) x W(x,y)].zdxdy 
Y G 'B x=-a/2y=-b/2 
= + J = [at b?[E(X,y,O) x eo(x,y)].idXdy]2 
x=-a/2 y=-b/2 
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Fig. 1. a) A reet angular waveguide radiating into an infinite half-
spaee, b) Cross-seetion of the problem geometry. 
where 
(2) 
n=l aperture 
The admittanee expression is eonstrueted using transverse veetor 
mode funetions and their orthogonal properties (3). e n and h n are the 
nth veetor mode funetions and Yn is the eharaeteristie admittanee of the 
waveguide for the nth mode. It has been shown that Equation 1 is 
stationary with respeet to variations of the E-field about its exaet 
value. Thus, an approximation for the E-field would result in a good 
estimate for the admittance (4). 
CONSTRUCTION OF SOLUTION 
Figure lb shows the erosseetion of the geometry under 
eonsideration. The eonduetor baeked slab has finite thiekness in z-
direetion and extends to infinity in other direetions. By evoking a 
vector potential formulation the fields in region 1 (i.e. dieleetrie 
slab) ean be eonstrueted in the following manner. Fields in this region 
satisfy the wave equation: 
where 
A possible set of solutions for the field eomponents ean be 
expanded in a Fourier integral form as 
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(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
By using Fourier properties of the above expressions and applying 
the appropriate boundary conditions at z=d , the unknown coefficients 1$, 
~, I~, R~ can be found. By substituting these into Equations 5 through 
8 , the complete set of solutions for the field components are 
constructed. Upon normalization with respect to the free-space 
wavenumber and applying apolar coordinate transformation the admittance 
expression and its related parameters are presented as: 
(9) 
(10) 
FejRD 1·=----
<p 2Rsin(RD) (11) 
(12) 
(13) 
11 = ß cos a, ~ = ß sin a (14) 
It should be mentioned that for lossless dielectric medium the slab 
supports surface waves. For such cases singularities occur in 
integration of Equation 13. One can overcome this problem by integrating 
over a contour around the singular points [51. This problem has not been 
dealt with in this work since only generally lossy dielectric materials 
are of interest. 
THEORETICAL RESULTS 
To gain a better insight into the nature of the problem at hand 
some tests were performed based on the admittance formulation presented 
earlier. Figures 2a and 2b show variations of G and B for two types of 
dielectric materials versus thickness at a frequency of 10 GHz. The 
thick line represents a low loss dielectric and the other a dielectric of 
higher loss. The permittivity values chosen are generally the range 
531 
values documented f o r these two types of rubber materials at this 
frequency [6). As expected, for b oth G abd B the material with larger 
dielectric constant and loss tangent undergoes more pronounced variations 
for small thicknesses and displays faster convergence. 
These tests are provided to stress some critical points that must 
be taken into account in this type measurements. To increase the 
sensitivity for thickness measurements , the electrical length of the 
test subject should not be very close to an infinite half space. This 
fact is clear from both graphs showing larger variations occur at smaller 
thickness. On the contrary, a better estimation of permittivity can be 
achieved for a thicker sample. Since permittivity is constant 
for a uniform sample, variati ons of these parameters would have less 
effect on the measurement of permittivity. 
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Fig 2a. Variations of G vs. thickness for two types of dielectric 
samples at 10 GHz . 
7 
5 
3 
1 
·1 
ID ·3 
·5 
·7 
-9 
·11 
-13 
·15 
0.0 0.2 0.4 
(3.5,·.25) 
00.5,-2.) 
0.6 0.8 1.0 1.2 1 .4 1.6 1.8 2.0 
Thiekness (em) 
Fig . 2b. Variations of susceptance vs . thickness for two types of 
Dielectric samples at 10 GHz. 
CALCULATION OF THICKNESS AND DIELECTRIC CHARACTERISTICS 
To calculate the thickness and permittivity characteristics, 
conductance G and susceptance B of the complex admittance expression were 
treated separately in two root finding codes. Starting with an initial 
lower and upper bound, G and B were iterated alternatively to come up 
with a close estimation of either thickness or dielectric characteristics 
of the dielectric sample. 
Figure 3 shows a simplified block diagram of the code implemented 
to calculate the dielectric characteristics of a slab of known thickness. 
A similar procedure was followed for thickness calculations also. 
Figures 4a and 4b display variations of G and B as a function of €' r and 
€"r for a 1 cm thick dielectric sample at 10 GHz. Each graph represents a 
line of constant €' r value. Such graphs, although not critical, are a 
great tool in providing useful information about the initial bounds of 
data needed in the root finding codes. 
Table l. Tabulated thickness measurement result at 10 GHz for three 
samples with 
€r= (13.1,-l.8) . 
Thick. G B Thick. 
(meas. ) (meas.) (meas. ) (est. ) % Error 
cm cm 
l.24±.012 4.68 .590 l. 26±. 013 l. 98 
1.47±.017 3.76 -.052 l. 45±. 025 l. 46 
1.52±.016 3.60 .142 l. 56±. 006 l. 04 
PRELIMINARY MEASUREMENT RESULTS 
To verify the va1idity of the theoretica1 formu1ation presented 
earlier some pre1iminary measurements were performed at a frequency of 10 
GHz. In this experiment, three slab-like samples (carbon black composite 
rubber) with rough1y known permittivity characteristics and different 
thicknesses were chosen. It shou1d be noted that this type material is 
elastic in nature and its thickness varies slightly upon inserting any 
pressure. Furthermore, these samples are extremely difficu1t to be made 
in sheets of uniform thickness and their measured thickness over an area 
the size of standard x-band waveguide aperture (i.e. approximately 1x2.3 
cm) varied as much as one to two percent. 
Once relatively accurate measurements of the sample thicknesses 
were conducted, their reflection properties were measured by placing them 
in front of an open-ended rectangular waveguide and a conducting slab in 
back. By feeding the information from this measurement into the 
permittivity calculation code, a mean value of for the relative complex 
dielectric characteristic was estimated. This value is close to some 
reported range of values for such materials [7]. Using this estimate, 
the second code was used to estimate the thicknesses of the three 
samples. The results of this experiment are shown in Table 1. For all 
three samples the estimated thickness values were within two percent of 
their measured values. 
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Fig. 3. Simplified block diagram of the code for finding the dielectric 
characteristics. 
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Fig 4a. Variation of G vs. E f r and E"r for a 1 cm thick slab at 10 GHz. 
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Fig 4b. Variation of G vs. E' r and E" r for a 1 cm thick slab at 10 GHz. 
CONCLusrONS 
A technique has been discussed for microwave thickness and 
permittivity measurement (once either one is known) of generally lOssy 
dielectric slabs backed by a conducting plate. A theoretical model was 
developed for the admittance calculation of an open-ended rectangu1ar 
waveguide radiating into a lossy dielectric medium with a conctor 
backing. The integral expression for the admittance experiences 
singularities for lossless dielectric materials, although this problem 
can be taken care of by appropriate integration over a contour around the 
singular points. This case was ignored due to treatment of generally 
lossy dielectrics. Some important issues were pointed out in application 
of such measurements of both thickness and permittivity. limited 
measurement results prove this method to be a reliable technique for this 
type of microwave nondestructive measurements. 
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